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2.6.5 n1swen@a (Water Separation)
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RS = Rl* Rz * R3 .........* Rn

Rg =1 Ry (3.1)
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= 1 et 4 1

} 5 - + ] dl = 1 L2 af g
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R, = (R (3.2)
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Tussuudiinnsalindveuniasduiisvuudessefuogiduaynsufessuuduwes Ry, sruni
A (Rg), swuumsufiumed (RY, sxvuaruaunsds (R;) safudunuveunsy Worfmun Re, Rs , Re R

Wy 0.90, 0,95, 0.85 uaz 0.78 WAL IS BRI EUUBERNsating?

E%Iﬁ’] RS = RSeX RG X RC X RF
=09x095x0.85x078

= 0.567
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L arnulteielavasssuuiifie 0.567 H
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(g7wa, 2545)

R(t) = e™Mt x p=at 5 ... gt

SR (£) = e~ it (3.3)

o Afednsnisdhinuesgunsalion dag

Heu Srszuuiiu Series anvia 2 dadoluiifuats

1. System Failure Rate = Summation of Individual Component
1

1 1 1
2 A= ?xlaft9$=ﬁ+g+......+m
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TuszuureasBifinnseiinddl Silicon Transistor 5 #1 Silicon Diode 4 #1 Composition Resistor

10 # uaz Ceramic Capacitor 3 1 ludnwagnsdenuuaynsumdasinistripeeusasiudiufe

Silicon Transistor Ae =4 % 1074
Silicon diode g =2 % 107°
Composition resistor A, =5 x 107"
Ceramic Capacitor Ae=3 x 107*

ArssuuRiiaudeiievhlaitg 20 43lus Inednwusnistrzaiuguudndluuudoa

[
L

a - & w1 el ° 3 a
AudsnITigauuanILRazYauulaIIuLYane 100% L&a%ﬁi%'ﬂUW?QWUﬂWﬂZQﬁﬂW?E’UQ\?QWWQﬁ

1
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S8 Tumsduna R i A Redannsdiiavenadosdnsmudoniunsutu T, A,
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-G -5 -4 -4
= 5(4x10 ) + &{2x10 ) + 10(5x10 ) + 3(3x10 )
-5 5 -4 4
= (20x107) + (8x10 ) + (50x10 ) + (9x10 )

= (0.00348

AfilaraanInie (Expected Failure Rate) A;woevaszuu ftiu Ry (20) vesssuumdild

=
Y71 AD

R (10) = e~

- 67(0,00348)(20} = 0.93277 Hi

A
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3.1.3 Budruvaunda9dng (Syuy) Aenuwuuauiy (Paralle)

msdsuUuIYINUIIEyadssuudrsesBudiuniaszuudisounieadns (Redundancy

. < v ey [ ] =
Technique) Lwaas'iﬁlmzuwummu'msamaqwu

a dl or = =l x :; hd hgd at t:}
TEUUHITBUATEINNTUTRNITENTY “Hot Redundancy” fislefiu fuandlugun 3.4

A

UM 3.4 Juehureaniosing (szuu) dofuwuunnu (Parallel) (gswa, 2545)

msilszuudssasiasinsmilidedingnn wivissuuidududesiufiornumindedeves

UV WU 1ATessURvauRIaaly winstiulwhdsas 1udy

syuuazldannsnldanlifdedienasssyuudas A, B Idnuladles

Reliabitity = 1-(F4*Fg) (3.4)
ey

Fa = 1-R,

Fg = 1-Ry

R, = 1-(1-Ry)(1-Ry

1'(1 +RARB“RA_RB)

t

Ra* Ry Ry - Ry




[
oo

misuszendldadfluausesnviasaiudaialdl oy

fssuvd n Components Wag IA1 Fy ... Fo 90 (F,, = 1-Ry) Ua (F, = 1-R,)
SRe=1-T (1 —Rp) (3.5)
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1. deszuudaslag hifliuindeiiafisaneissyjiRnunelfssosnariidvua (e19ssiia
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PANnuAAMUetialavesszuusalUl?

0.8

0.9
— .85 —
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acd @

& o o o 9 kg =] 1 t Lo
A Auf 1 nssuufimvusliasdeerussvuruiidussuudes (R) Aeuavia

—1 0.9 Ry
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Syuuil 1 - Ry = 1 - [(1-0.8) x (1-0.85)]

= 0.97
it 2 swvsruvaynsuiduszuugen ®,)
Re
0.95
SYUUT 2 R, = 0.9 x 0.95 = 0.873
Fuil 3 - sruszUUUY {Rs)
SPUUT 3 - Rs = 1-((1-0.873) x (1-0.95)] = 0.99365

F3U AU D DETINTRITEUURD 0.99365 i

L 4

.

3.2 nMsesEenTAanudBeie(Failure Rate: A)

P 2 - £ o e e - ar s
udemerenisrmanugenulunisldiuadosing SnsnmsdEews (1) 19aeSesdnsasie
WeuAusEEEIEaD

3= Inumilinsidumg (3.6)

Swndlanmmessuldimassosing ’
A=1—R (3.7)
R=1-21

ﬂ: t A‘-‘I L ar = ! d: ol
L0 R = AMANUYIUYDITEUULEE A= ONT1AIMESMIBUDNASDINNT
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3.3 msAnuAfiwesluauingeinem

2 = ' . .
331 ANRAPYTIELLIANSEWINNNTTIEEMe (Mean Time Between Failure: MTBF)

! =t t = bd o Al - as o o = o
ARfuITBEIATERINNSEEY mnei ssesnanadeieiosinsansaiheulitounivsdige
uazgnien Funserinsasannaalinulddnafmdmninsdaumunsiuantsssznainisiieuees

\maesinsuandladaguil 3.5

MTBF = raTta(ssostmiwiiesinoeniinu — ssesnaniedsdinaian)

TNNURS TR IHYY

MTBF = 2i=1BFi _ Z(BF; +BF;+BF5)
n

3 (3.8)

wia  MTBF = % (3.9)

- A d o a e : o a o Lo . b
Wa BF= 33ezlimn R399 snIIUNBuAInsinItinianse i (Before failure at iv time)
i =mydrsavennIoadinniad i

o o o
n = IMIUNTYITAVDAATDINNT

332 ANAYTEEEaINSII (Mean Time To Failure: MTTF)

1 ot o = PP R | o W + i
ANAEETEEXIAINIIT IR VLB SypsnaedsnTodnTasa s auldeasegmisidiu

neufitasasdnsasgniudsulmiiomn duandlugui 3.5

3 P Y
333  ANRAEIIEEIAINIINYgRIU (Mean DownTime: MDT)
' o e . Y ) ) = = .
ARy TEEElIAIMIVEANUMIIBEN svesnaIeiensodnidiin Sanusreziatifinidey
o ot 15 ar -3 i < . .
wisadnsiamrsandunnvianldasnd (Repair Time: RT)

MDT = Ty DTiny - DTHDT,
n-1 2

(3.10)
Ty A o o & oA . Jth
(%303 DT‘; = ‘33ElxLﬁa’mLﬂ?@x‘lﬁ]ﬂiﬁ&!ﬂﬂw’luﬂ‘idﬂ i {Downtime ati tlmE)

. 3 o ar & et

i =ﬂ’}3°ﬁ']3iﬂ‘l|ﬁ-ﬂl-ﬂia\?ﬂﬂiﬂi\5% |

n = SNUNNTITATDNURATINRNT
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o ar o
FOTULLATDIVNTNINU
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wea / 4156 Y > p4 > l
RT, RT,
¥ V oS v V. = v )
DT, BE BF
2 3
l<—-B-E-1-->< —————— PR re—3|
L1817
o o ar o ' < as o & oA . th |
BF, = WYLLIATMRAIDIINTVI N IUNDULATDIINTTIFAA}N | (Before failure at i time)
o o AT \ gk
DT = 388838 LATEINTEAYM HNIUATIN | (Downtime at i time)

JUR 3.5 nsmlamusiaissdnavhaursaiisuiuian

R = ar 8 o
3.3.4  Amunianveaaiasans (Availability)
AAuwsBNYBuATesInTuLnefa Areuwiaulunsyhauueuadosdng Zeeundaediy

el 1 + &:E 1 = 1 ' A ! s
ATIATUTBIANARN TEEELIASEV I NM TR ENBRATINVBIANSAU STa T IAIEUI NN T e

ANafYTEELIANTVEAITY

MTEBF

Availability = Fy e — (3.11)
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(Mobley R. K., 2004)
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flt) = e~ (3.12)
o e s
aunisanuideiialaftianaiia
R(t) = e M (3.13)
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ghiul R(t) = e~

R(t) = e~ @0151) = 0,985 4
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(Machine and Equipment Inspection)

Tnguszaen
undinwilinugarndlauagnnuausoluSewdaluid
L 3ween waswenIaiienununisdontzuasasing Insldinaliannsnmivaeuiniasdng
wuuaaele
= o o = a ¢ é %| s 2
2. \denwailnfivingay 1on1siasiednsifenan weToinglA
3. sfungmalianmsveaauiuulivihatgsanneieg @

€ 3 = ' ° 1Y
4. dssgninisveseudsziavinapialdlunmsraununisdendisals

nsnausumsdenthydliilssAviammiueninarieafutoyaifiernthssseznaiais
firtosinsazdnznuds nInsiasuisiainsuarornddUsenauiequenatsins iuBn i nswils
faziiliiaans wazdrameiinansovssiivansouznisnaueansdesinsld luunildsiuse
wallanistigsnundmensaifeUssnouse mslieseiansudedu mafeseimsduaniioy ns
Waswimaall midaeitnsiulad nisiesgiinnuieou uazmaiiaveadnsieng yanannsdsle

srumaiianisunseinednenisnakuulivinats (Non-Destructive Testing: NDT)




N1INTIRABUATBITNTUATUN O]

6.1 wadamsingeinuudanginsal (Predictive maintenance techniques)
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6.1.2 mywTeidyyunNduaziiou (Vibration analysis)
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MguUnsalmariiieny asthundsanumeusaotiniasninddu (nfivg, 2551)

6.2.1 n1snTrRasUAea1aT (Visual testing: VT)
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6.2.3 N1SATIVEDUABYAN319199 (Ultrasound techniques: UT)
ganiredduismamiaiiluussandlildnaemsiinssvhiulaedmnn Wdur msldl
narsradamumnuiuresiuaziimsaunugsesindiganelussuilelave wu seeideu wila
voanrstewnadamdriinld Aa nsiianursainsyssfiuaninaiadng Tngdtligosdnisuga
Lﬁ%‘aﬁnﬂﬁaﬁwﬂ”ﬁm’maam’ﬂumiamé'smnmﬁmmaﬁ'ﬁ%mLﬂ%‘@ﬁnmnuqnlﬁua@"{ﬁ NANNITIL

<l 2 ¢ % < % 3 o
W99ARLgARTIEIA waznslinunTasganiiwTia wandlugui 6.4

Transducer gencrates

and receives Sound path
Defect

Generaling

signal Receiving
signal

N

ar o 2 % ¢ u o 2
(M vanmvihnulegldganiieng (1) Mmsldrueissganitgnilunianisnsa
(http://www.ndt-ed.org) runwIadtuas (http//www.reliableplant.com/)

o w 2
U 6.4 MsaTvEsufieganityd

U

-1



miATITAeUIA oI TUAzUnTal

6.2.4 nIRTIWEBULUUNTSLELMaIU (Eddy current testing: ET)
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6.2.5 nEnsIvdsusUnwaIETId(Radiographic testing, RT)
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6.2.6 NISATIVABUMWEITUNIATN (Liquid Penetrant Testing: PT)
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Specimean with an obscure crack Liquid Penetrant applied to specimen  Excess penetrant removed from specimen
This effectively leaves penctrant in the crack

Devetoping powder is applied Colour indications are easily viewed
The penetrantin the crack effectively with naked eye - or a fluorescent famp
is absorbed by the powde: is used for fluorescent dyes
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6.2.7 msm’zﬁ}ﬁavﬁwaqmﬂuaa'mé’ﬂ (Magnetic Particle Testing: MT)
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(Total Productive Maintenance)
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1. sduwdunsuiisuufetansramunisdeuthsuuuninasdreiivsyansnwls

2. szqﬁ%niiuﬁugwuitazﬂizmumiﬂm"ﬁ”mmu,wm%wa (Total Productive Maintenance:
TMPILA

3. WSsudisu TPM AUV SEaanuuaag L

4. SEYLAsTATIEN 8 Llenudnyed TPMLA

5. duunuasmluavaunlenugasna 6 Ussns

6. AnnuATzdninavenniosdnadesau (Overall Equipment Effectiveness, OEE)ls
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5307 WnAansizeinwkuuning (Total Productive Maintenance: TMP) msungedneuuuning
fukuamamsdanisguiuusneg nmssndunisnistiiseinsuwuuning anugaidelussuy TPM ng

@ o oa ¢=I kg = - -
ANWIUUSTEVEINATDIATBINGLT99IH (Overall Equipment Effectiveness: OEE)




nrshgesnuuUn NG

8.1 ATUMINEYBINTUITIiNeILUUNING (Total Production Maintenance: TPM)
° o (=3 -4 27 a o L a e ¥ : o s
nmsdrgsineiuuning vueds nstpinnivinlifenandafigau Feasinsfdfuay
o ot 1 & 1 v oA a = £ o o o as o ar &
Fonslagndnauisuslussdnsihindudminduionssungudngdainuneaiueiodnsgunsai
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#oansuFuuge landuninniinaudnendn (Line  operator)  unsgiladessAuguius (Top
management)

Tyl 1971 anfuuanisingednunlssueeadiu Uapan Institute of Plant Maintenance) 1
Wimmmngues TPM ey TPM dafumsiamniundiedumandn dadumumneves TPM
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2. TPM Ao msUszgadlinisurpednvideiosiu weldannsolfinlesinslinasnegmsliam

3. TPM Al ssuunisthssinenvesnnauiilidnlddudsiuedosdnsgunsa Téurgaununsuda
Aliedes uasdhagautng

4. TPM @ izwmiﬁﬂgq%’nmﬁaejuuﬁugwamm‘sﬁeﬁ'm%mé?aLwiﬁg’u%msssﬁ’quuﬁaQ’L%Lﬁ%m
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lagTv0e5EUUNMSHARRD G 9ER
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2. TPM s nsvitbiAeszuuleaiuieldbillanugnyde (Losses) 1intu
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“* Wmneves TPM
luszuy TPM duvsiittiminget 5 dssms dadelui
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5wy TPM Tauldnaugesvunadnlunisadvayy
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LuswéiviEnavionun (Total effectiveness) winaiia maviTlildvssBrdamlunegsiio
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sulunsirpinudiediies (Autonomous maintenance)

o w o of e a
& nvihliieSesdnsiivs:Aviuagedn
Tnadmnavesfianssluyng lsuimunia nsifiusandnligaurifiasdululilaonsan

Y v oo - a v =} a ' i a = o ' = w
ulidaeiign wasifunandalinniigalrenaninbivudnsiivwandagagaiiosoiaieon e

Tng#
yuldfisnslinandaiifiguawdiiclddmauassionainisuiulgmiulasnsonasiioutor

Trnymdslaveandnaugedu wazfiannumelaly

2

W

pY

% msfanualiTPM Wulsuneiuguresuiem
TPM lunssaeatimnaivnanguimsgenaanivssduniinnu Taeduimssaiy
Uszanunuiaralensiugiuiun Taofiwinnunssiudrantdusalufansinadnlums
Uimsdanis uenamiutiwne ity wilnufsadilasazaunsalyuudaungudas

anala

22

% Tassaislunsaniuayy TPM
P - -l ' o ) ) o Y a -
hmsnefiudiadaves TPM Ao nsfldimdimvssminnunnaunidssdududmsannaudelg

o elss ) = ns :)l =i d o o 1 L] moas <=t
ﬂﬂ‘Uﬁlﬂ'ﬁ Tufanssu TPM - aesinisdafsfinsufasdiuns TPM TuuRazduvoIuivm wse

N



MY IUUN NG

o v 1 or  at a ' 1 1 =4 -4 e p=3 L e ] oy
ﬂmﬁﬂiiiff}'ﬁ“ﬂL‘%ﬂii'l‘mﬂNﬁﬂﬂuLLaBinﬁﬂﬁhﬂ’ﬂﬂﬂw‘] LHEWINITUTUITNAINGTY TPM watvinnisailiiy

fenssu TPM eghailuszuuusazaiunieg muunuuianssy TPM Aldneld

% mwsamvadUsunsumswau TPM

mwsuwedldunsunisdann TPM szudalu 5 Whwe Tnsusesitvneasiseanden
Tagieluil

Lmsfusanieadnstiiiuseaniung (Improving equipment  effectiveness) NngUegly
funeudl 2 wax 3 e menedasgnuiaiumaieiiy Sesenauludeninnuingimnssudnsdeu
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s o T & o I o_ar oy <4 al
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4.msinausuipUuYseineen sBnuazdominsa (Training to improve operating and
maintenance skills) laoitwinelazituidlandnlunsWaunssuu TPM 160uedned iasanszuy

TPM fesmsmsasfuayuinwinanmnadisuasynagau wiendevinuedia taduidfglumsihg
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el v
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5.mIuimapsaansuaiiug (Barly equipment management) astliunmsilesiullymiiies
Wintusswiraiifuiuaieadns suldud mseenuuuiasfindaniedng (Design/installation  stage)
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8.4 wusanvanyas TPM

Planned Maintenance | | Individual Education Self
Maintenance Free Kaizen & Training | | Maintenance

Quality 5.9 | | Safety |

sUf 8.2 Watamidnuss TPM (Mobley, 2004)
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4mainineznsufiinuwazmsingeine (Operation and maintenance development)
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